Although gluten is known to cause the small intestinal lesion of both coeliac disease (CD) and dermatitis herpetiformis (DH), the mechanisms involved in its pathogenesis remain unknown. However, the increased numbers and abnormal predominance of IgM over IgA containing cells in the jejunal mucosa of patients with ACD (Crabb and Heremans, 1966; Douglas et al., 1970; Soltoft, 1970; Pettingale, 1971; Savilahti, 1972; Lancaster-Smith et al., 1974) suggest that humoral immune mechanisms may be involved. Additional evidence for this is provided by the ultrastructural changes (Shiner, 1973) and deposition of immunoglobulins in the small intestinal mucosa of treated patients (Shiner and Ballard, 1972; Doe et al., 1974) after gluten challenge. Furthermore, in vitro studies with coeliac jejunal mucosa have shown an increased synthesis of IgA and IgM after challenge with gluten (Loeb et al., 1971) , much of this being antibody against gluten (Falchuk and Strober, 1974) . By using immunofluorescent techniques the aim of this investigation was to complement these latter studies and look for 'Present address: Gastroenterology Unit, Queen Mary's Hospital, Sidcup, Kent. Received for publication 28 March 1977 further evidence that jejunal immunoglobulin production is stimulated after reintroduction of dietary gluten in treated patients with adult coeliac disease (ACD) and dermatitis herpetiformis (DH).
Methods

PATIENTS
The diagnosis of ACD was made on clinical and biochemical evidence of malabsorption, villous atrophy of the jejunum and reversal of these features on a gluten free diet. DH was diagnosed on clinical and histological features of the rash and its response to Dapsone.
ADULT COELIAC DISEASE
Nine patients who had been on a gluten free diet from one to 15 years (mean 5-5 years) were studied. Before gluten challenges villous heights ranged from 197 to 492 tt, mean 339 ,u (normal > 330 ,u) and surface cell heights from 21-34 ,u, mean 29 (normal > 29 ,u).
DERMATITIS HERPETIFORMIS
Nine patients, six of whom had a previous significant jejunal lesion were studied. These six had been on a gluten free diet from five to 24 months (mean 18 months). Before gluten challenges they had villous heights ranging from 290-517 u (mean 389 ,u) (Stewart et al., 1967) and intraepithelial lymphocytes were counted (Ferguson and Murray, 1971 (Savilahti, 1972) over an area 0 5 mm2 between the epithelium and muscularis mucosae. In the majority of biopsies the presence and degree of extracellular and epithelial cell staining were also recorded (Shiner and Ballard, 1972) . All observations were made without prior knowledge of whether the section was from a pre-or post-challenge biopsy.
Results (Tables 1-3) IgA CELLS Patients with ACD and DH on a gluten free diet had the same numbers of IgA cells. In both conditions IgA containing cells tended to be fewer than in control subjects and in those with coeliac disease the difference was just significant (p < 0 05). In the eight patients studied after a single 25 g gluten challenge at 24 to 48 hours there was a modest increase of IgA cells in all four patients with ACD and in three of four patients with DH. In the nine patients (six ACD, three DH) studied after seven days on a gluten containing diet there was an increase in IgA cells compared with pre-gluten levels (p < 0-05). Despite this increase after challenge, the numbers of IgA cells in 
IgG CELLS
Patients with ACD and DH on a gluten free diet had the same numbers of IgG cells and in both groups of patients these were significantly greater than in controls (p < 005; p < 005). There was no significant change in IgG cells compared with prechallenge numbers in the patients studied after either a single 25 g challenge or seven days on a diet containing gluten. However, the numbers of IgG cells exceeded control values after both the single dose gluten challenge (p < 001) and seven days on a diet containing gluten (p < 0-05).
IgM CELLS
Patients with ACD and DH on a gluten free diet had the same numbers of IgM cells and in both diseases these were greater than controls (p < 0-05; p < 0-05). In the eight patients (four ACD, four DH) studied at 24 to 48 hours after a single 25 g challenge, IgM cells increased compared with pre-challenge levels (p < 001). In the nine patients (six ACD, three DH) studied after seven days on a gluten containing diet there was an increase in IgM cells compared with pre-gluten levels (p < 0 01). In contrast with IgA, the number of cells containing IgM was markedly higher than in controls after both the single dose (p < 0002) and seven day (p < 0002) challenges.
TOTAL IMMUNOFLUORESCENT CELLS
(IgA + IgM + IgG) Patients with ACD and DH on a gluten free diet had the same numbers of immunofluorescent cells as controls. Both after a single 25 g challenge and after seven days on a gluten containing diet there was an increase in these cells compared with pre-challenge levels (p < 0 01; p < 0 01). Total immunofluorescent cells exceeded control values after both the single 25 g gluten challenge (p < 0-05) and seven days on a gluten containing diet (p < 0-05). The three patients with DH without jejunal lesions on normal diets had the same numbers of all three classes of immunoglobulin containing cells as controls. IgA cells tended to increase after ingestion of extra gluten but the numbers studied were insufficient for statistical analysis.
After gluten challenge the increase in IgM cells correlated with the decrease in villous heights when both changes were expressed as a percentage of prechallenge levels (p < 0-01) (Figure) . There was no correlation between reduction of villous heights and changes in IgA or IgG cells or between any immunoglobulin class and changes in surface cell heights or intraepithelial lymphocyte counts.
The distribution of extracellular immunoglobulins in the lamina propria was the same in ACD and DH. Lamina propria IgA, when present, occurred most frequently and at the greatest intensity in the region of the epithelial cell basement membrane. It 
Discussion
That the IgM system is involved in the pathogenesis of the small bowel lesion of ACD and DH is suggested by the rise in IgM cells after re-exposure to gluten. Furthermore, in both the present and other studies IgM cells remain raised despite gluten withdrawal in many patients with ACD (Douglas et al., 1970; Soltoft, 1970; Brandtzaeg and Baklien, 1976) and DH (Lancaster-Smith et al., 1974) . It seems possible that these raised counts may be caused by the continued ingestion of small amounts of gluten. If this is the explanation for the IgM cell excess, which occurs in the presence of normal or low IgA cell counts, it would imply that the IgM system is the more sensitive to small amounts of gluten and that it may possibly be related to the frequent failure of the jejunal morphology to return completely to normal in adult patients (Holmes et al., 1974) . Additional evidence for the involvement of IgM in the pathogenesis of the jejunal lesion is the correlation between the rise in IgM cells and reduction in villous heights which was not apparent for other immunoglobulin classes. This and the presence of extracellular lamina propria IgM in the early stages after gluten challenge, but not in the pre-challenge or control biopsies, might suggest that this immunoglobulin is perhaps more closely associated with the immunological reaction to gluten per se than the other classes. In this same group complement was also detected, albeit in small quantities and only around blood vessels. The relevance of this is not clear, but complement and IgM have been demonstrated along the basement membrane at a similar interval after gluten by Doe and his colleagues (1974) . They suggest this is an indication of immune complex deposition, but it might merely represent increased release of these substances into the lamina propria, after the stimulation of gluten challenge. Nevertheless, the increase at this time of lamina propria eosinophils (LancasterSmith, 1975) which are attracted by immune complexes (Kay, 1970) would support Doe's suggestion. Subsequent clearing of such complexes by these and other phagocytic cells might also explain why this pattern of staining was not seen in adult patients studied after more than 48 hours and in children after prolonged re-exposure to gluten (LancasterSmith et al., 1976) .
This study shows that the jejunal IgA cell population also increases after even a brief challenge with gluten and, as for the other classes of immunoglobulin, the rises are comparable with those found in children after a more prolonged re-exposure (Lancaster-Smith et al., 1976) . The only major difference is that, unlike the situation in childhood disease, adult IgA cell numbers, after challenge, do not exceed the normal range. This is almost certainly caused by the relatively low pre-challenge levels in the adults rather than the length of the re-exposure, as even untreated adult patients on long-standing gluten containing diets usually have low (Douglas et al., 1970; Pettingale, 1971) or normal (Soltoft, 1970; Lancaster-Smith et al., 1974) densities of IgA cells. Further evidence that gluten stimulates jejunal IgA production and secretion is the increase in epithelial cell and extracellular IgA in both adults and children (Shiner and Ballard, 1972; Lancaster-Smith et al., 1976) after widely varying types of challenge.
The tendency for IgG cells to rise after gluten challenge in adults and children (Lancaster-Smith et al., 1976) and the increased numbers frequently found in ACD and DH, especially in untreated patients (Soltoft, 1970; Savilahti, 1972; LancasterSmith, 1974; Brantdzaeg and Baklien, 1976) suggest that it may also play a part in the intestinal response to gluten and other antigens.
Comparison of these results with those from children studied three months after gluten was reintroduced (Lancaster-Smith et al., 1976) suggests that, after a rapid initial rise, the numbers of cells containing detectable immunoglobulins of all three classes remain fairly constant, despite the continuing presence of gluten.
Our findings are complementary to the in vitro studies of Loeb et al. (1971) , who demonstrated increased synthesis of both IgA and IgM after reexposure of coeliac jejunal mucosa to gluten. Much of this IgA and IgM has antigliadin activity (Falchuk et al., 1974) and it is probable, therefore, that at least some of the increase in jejunal IgM and IgA seen in our patients represents production of antibodies to gluten.
Although there is no conclusive evidence that the bowel lesion of ACD and DH is caused by a primary disorder of immunity, humoral immunological phenomena rapidly take place in the jejunum after contact with gluten, and it seems likely that they play some part in the development of the intestinal lesion. However, the generally less severe reduction of villous heights despite gross comparable quantitative immunological changes after gluten challenge and the milder jejunal abnormality usually seen in DH compared with ACD imply that other factors also control the severity of the intestinal lesion. 
